
J. KonigsbergJ. Konigsberg
Joint Physics meet 05/17/02Joint Physics meet 05/17/02

CLC

Status of the Run I I Luminosity Measurement

Lum. Information
• Accessing it

Measurements
• Uncertainties
• Cross-checks

Plans

• Luminosity Group
D. Acosta
S. Klimenko
J. Konigsberg
A. Korytov
G. Mitselmakher
V. Necula
A. Pronko
A. Sukhanov
D. Tsybychev
S.M. Wang
M. Dittmar
A-S Nicollerat



CLC

Luminosit y I nf ormat ion

CLLD

CLLD

OFFLINE ONLINE



J. KonigsbergJ. Konigsberg
Joint Physics meet 05/17/02Joint Physics meet 05/17/02

CLC

Of f icial Luminosit y Web Page

Access from cdf/internal physics in progress Luminosity:

http://cdfsga.fnal.gov/internal/physics/physics.html
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LumWeb Page (cont . )
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LumWeb Page (cont . )
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I ntegrated Lum
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LumWeb Page (cont . )
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LumSum Example

# Data processing log for the process PID 59925341  generated by DHLogger

OIF /cdf/data05/s7/data_val/HighPtElectrons/ElectronSample_4238.dat
R 126998
S 0 38
R 126999
S 0 0
S 8 112
R 127016
S 0 11
R 127017
S 0 10
S 13 13
S 15 19
S 24 25
.
.
.
CIF /cdf/data05/s7/data_val/HighPtElectrons/ElectronSample_4238.dat
OIF /cdf/data05/s7/data_val/HighPtElectrons/ElectronSample_4238.dat_1
R 127023
S 24 24
.
.
.
OIF /cdf/data05/s7/data_val/HighPtElectrons/ElectronSample_4238.dat_1
.
.
.
CIF /cdf/data06/s2/top/HighPtElectrons/ElectronSample_4295.dat_1

LumSum log-file-name 
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Lum Web page (cont . )

click
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Version 1.0 corrections
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Lum Web page (cont . )
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DFC of f line luminosity

Use online lum (from LumMon) and make some corrections:
♦ Online has acceptance adjustments for gain changes but not continuous

→ Offline has a smoother acceptance correction

→ Estimate < 2% uncertainty

→ This uncertainty can be made negligible with automated offline analysis 

♦ Online has some gaps due to LumMon crashing
→ Interpolate for holes

→ <10% holes and <2% interpolation error < 0.2% uncertainty

♦ CSL misses start of run section – end of run section
→ Systematically 1-2% low lum in LumMon

→ Correct using ACNET

→ Uncertainty in the correction < 0.5%

Assign 2% upper bound on the uncertainty for the online 
offline transfer
Most will go away with full, automated, offline reconstruction
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Lum Measurements Methods

For any luminosity measurement method w/CLC
♦ For a defined selection criteria           for a p-pbar interaction to 

be registered in the CLC :

{ } crossingbunch  /  int. of # avg. ~ ααµ =

) (effective σαα εσσ clc
in

clc ⋅≡
Define a collision

♦ { >0 hits in E} .and. { > 0 hits in W} with amplitude > Ao

• Online has fixed thresholds

• Offline we can normalize to single particle peak (spp)

♦ require hits to be in-time

• Online can have gates

• Offline can cut tighter

{ }α

Lf clc
inBC ⋅⋅=⋅ αα εσµ~ frequency crossingbunch =BCf

luminosity inst. =L

{ }α
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Hit Count ing Method

Uncertainty in measurement

♦ From 

♦ From <NH>

Uncertainty in the inelastic cross-section value
♦ From CDF measurement

♦ Compared to E810 measurement ?

♦ Use W lepton,nu to “renormalize”

Have preliminary estimates of uncertainties

α

α

αεσ ><
><⋅⋅=

1
H

H

in

BC

N

Nf
L

= avg. # hits for a single p-pbar 
interaction.

Measured at low luminosity from 0-bias data

= measured avg. # hits/bunch 
crossing

α>< 1
HN

α>< HN
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Using CLC MC simulation alone:
♦ Need all material in simulation

♦ Need full CLC simulation

♦ Make sure data and simulation are excellently matched…
→Need correct generator [MBR is baseline]

→Make sure the mix of hard-core and diffractive processes is right

♦ Figures of merit:
→Amplitude distributions

→Hit multiplicity distributions

→For all layers separately (“ ” dependence)

♦ Understand the uncertainty…
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CLC amplitude dist ribut ion: data vs. sim

Simulation (dots)
East module (blue)
West module (red)

All layers
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Amplitude dist ribut ion by layer: data vs. sim. 

Inner layer

Middle layer

Outer layer

Inner layer

Middle layer

Outer layer
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CLC <occupancy> vs. threshold

Data (color) Data (color) 
Simulation (black)Simulation (black)

Units = spp x 10Units = spp x 10
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Data = red Simulation = black

Nhit

Nhit

Nhit

10 %

100 %

MBR full inelastic

Nhit

50 %

150 %
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The total p- pbar cross- sect ion
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f rom CLC simulat ions

inel

dd
dd

d
d

h
h

clc σ
σεσεσεε ⋅+⋅+⋅=Acceptance:

From CLC MC simulation alone:

hard core
diffractive
double diffractivemb 3.29.81~ ±totσ

mb 4.19.61~ ±inelσ

elσ

mb 5.03.10~ ±dσ
mb 3.15.44~ ±hσ

mb 5.00.7~ ±ddσ
(0 acceptance)

% (0.7) 31.8  

% (0.4) 9.1 

% (0.5) 88.6

=
=
=

dd

d

h

ε
ε
ε

mb 42 ~ clc
in

clc
αα εσσ ⋅=% 68 ~ clc

αε

MBR

Q: How do we estimate the uncertainty on  ???
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Delta f rom simulat ions

Use [very] wrong geometry 5% change in acceptance

Working on variations about new baseline…
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CLC acceptance using 
a reference detector (εR 100%)

Expect uncertainty in 

~proportional to (1- )…

From simulations: CLC+PLUG:  εR ~ 94%

From data:

~7 % difference with pure CLC simulation ( ~68%) . 

f rom CLC+plug simulat ion and data

R

R

clc
clc ε

ε

εε ⋅= 





Measure experimentally Find from simulation

mb 39 ~ clc
in

clc
αα εσσ ⋅=% 63 ~ clc

αε

Q: How do we estimate the uncertainty ???

• Used 500 ADC thresholds 
in CLC

• Used 3 GeV threshold in 
plug

• East and West 
coincidence in both

• CLC+ plug acceptance in 
MC = 94%

%67~/ Rclc εε
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Old studies f or  Rclc εε

Lots of room for improvement:
o Spp fits not optimal: bcknd modeling, low stats, large variations

o Plug info not well understood, no real cleanup, old reconstruction 
o Will be redone soon take the 10% penalty for now…

~10 %
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Syst . Uncert ainty due t o SPP 

det erminat ion

is determined from simulation for a 
fixed set of SPP’s measured from the 
data.
Gain changes etc. will yield a new set 
of SPP’s

Statistical variations in SPP fitting 
procedure (Gaussian) will average out 
to zero in large samples 

no uncertainty incurred

If spp fitter pulls systematically the 
peaks up or down, we will incur in a 
syst. uncertainty in the determination 
of the acceptance for that “gain”.
Use MC simulation to determine % 
change in acceptance (same % 
change in Lum) as a function of % 
change in SPP

Estimate possible syst. uncertainty in 
SPP from plot.

Lum % change vs % spp change

-4%

-3%

-2%

-1%

0%

1%

2%

3%

4%

-15% -10% -5% 0% 5% 10% 15%

%5.1/ ≤∆ LL

spp
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“empty” = bunch crossings with no PPbar interactions

probability of empty crossings:

♦ full acceptance detector:

♦ “real” detector:

→ε0 - probability to have no hits in CLC (~10%)

→ε1 - probability to have hits exclusively in one CLC module (~12%) 

♦ For ~low lum:

♦ Saturates at medium lum ~ 5*10**31

Cross- check:
Luminosity by count ing empty crossings

( ) )12(,,
~

10 )1(
100 −⋅= −− µεεµεεµ eeP

( ) µµ −= eP0

( ) µεαµ −= eP0
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Empty crossing vs Hit count ing

Empty crossings

Hit Counting

D0

< 1% Can assign < 1 %
uncertainty to Nhit
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Uncert ainty p- pbar cross- sect ions

7.00
(0.50)

10.30 
(0.50)

44.54 
(1.30)

61.90 
(1.40)

[20]

[81.9]

New MBR
MC

φ

10.00 
(0.45)

[51]

60.40 
(1.40)

21.50 
(0.90)

81.90 
(2.30)

CDF 
extrap.
@ 2.0 
TeV

1.29 (0.20)

9.57 (0.43)

46.69 (1.63)

57.55 (1.56)

17.67 (1.33)

75.01 (2.85)

D0 
Exp.

8.1
(1.7) E710

9.46 (0.44)

φφ

[51]

55.92
(1.19) 2%

60.33 
(1.40) 2%

15.79
(0.87)

19.70 
(0.85)

71.71 
(2.02)

80.03 
(2.24)

E811
Exp.

CDF meas.
@ 1.8 TeV

Process 
(mb)

totσ

inσ
hcσ
sdσ
ddσ

elσ
8%
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Summary CLC Luminosity Uncert ainty

of course preliminary !

Online Offline transfer < 2 %
o Will go away with more automated lum reconstruction.

o Estimate from CLC simulation alone < 5% (from wrong vs “right” sim.)
o Will be re-done with more realistic variations 
o Estimate uncertainty from CLC+PLUG method < 10%  (from old data 

with…
o Will be re-done with:
o Should become of order close to (1- R) ~ few %

Estimate N_hit uncertainty < 2% 
From ratio of hit counting/empty crossing
From extrapolating data from high to low lum 

Estimate uncertainty due to PMT gain changes and not updating at shorter 
intervals < 2%

Expect to go away with more stable PMTs
Uncertainty due to SPP determination <1.5%
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CLC Luminosit y Uncertainty

quit e preliminary !

Total uncertainty due to measurement < 10%

CDF’s uncertainty in inelastic cross section = 2.3 %

Quoted total uncertainty ~ 10%

More:
Can we go to high luminosity with these methods?
Cross-check with W’s
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expected L in Run II 

<10%

“particles”    hits
Zero bias data 
Simulation
Perfect linearity

Precise high luminosity measurements are feasible !!!
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Luminosit y with W lep, nu

Complementary L measurement with 
different systematic error
Cross-section @ 1.96 TeV = 2.6 nb 
with 5% theoretical uncertainty (Ellis & 
Stirling & Webber)

♦ PDF, EWK param, scale variation, 
higher order corrections

Expected rate @L=2 1032 ~ 0.5Hz
Trigger+selection efficiency ~25% 

detected W rate ~0.1Hz
Good for abs. normalization of “chunks” 
of data
Not trivial:

+ backgrounds …

TrigEventIDIsoPTrkEtEW TT
eWBWXppLN εεεεεεεενσ η ⋅⋅⋅⋅⋅⋅⋅⋅→⋅→⋅= / ,)()(

@ 1.8 TeV
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Luminosit y with W’s

Lum group efforts:
Pursue ~standard analysis (W+X)
Find simpler selection criteria
o Yield smaller systematic uncertainties
o Simple to monitor over time

Choice of lepton
Simple particle ID
Low backgrounds

o Simple to monitor over time

Explore using:

Smaller backgrounds
Some systematics may cancel in ratio

Z

W
)(

)0(
)()0(

XZ

jZ
XWjW

+
+⋅+=+

σ
σσσ
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Luminosit y with W’s

Stream B high- Et electrons (bhel01)
Filesets CA5486.* & CA65627.*
Selection criteria”

Central Et electron > 20 GeV
Track Pt > 10 GeV
Met > 20 GeV
~Standard electron ID
Pythia + full sim for geom+kin accept.
Z e,e for electron ID + trk efficiency

Integrated Lum = 5.53 pb- 1
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Luminosit y with W’s

24.5 (1.2)Total

97 (2)Trigger (estimate)

81.5 (2.7)Ele ID (data)

97.8 Track Pt (MC)

99.2 (0.8)Track finding (data)

32.0 (1.0)Geom + Kin (MC)

Efficiency % Selection

Caveats:
No EM corrections
No VTX corrections
…

But full pass anyway
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Backgrounds

Missing Et vs Iso
3863 before
3541 after

♦ ~8% background

♦ Consistent with PRL 
(1996)

♦ ~1.5 % uncertainty in 
cross-section or lum
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Towards absolut e normalizat ion

Lum: CLC vs W's

0

1

2

3

4

5

6

7

0:00 0:00 0:00

Measurement

W1 CLC W2
W1,2 = two different 

electron ID cuts
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Summary and plans

Established all Lum measurements and accounting
Uncertainty at the 10% level
Working on nailing down absolute normalization systematics

♦ Generator, Simulation, material, thresholds, etc. etc.

Working with W’s for cross-checks
♦ Looks good so far

Expect absolute normalization uncertainty below 5% at all Luminosities
It’s been harder with changing gains

♦ Strong effort in calibrations and operations
♦ Will r eplace PMTs wit h [hopef ully] mor e r obust ones

Implement and test high lum algorithms later on
♦ Particle counting
♦ Time clusters
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